Two prenylated dihydrostilbenes have been isolated from the methanol extract of the flower of Croton laevifolius. The structures of these compounds were assigned as 3,5,3´,4´-tetrahydroxy-2,6,2´-tris(3-methylbut-2-enyl)dihydrostilbene (laevifolin A) and 3,5,3´,4´-tetrahydroxy-2,6,5´-tris(3-methylbut-2-enyl)dihydrostilbene (laevifolin B) based on spectroscopic evidence, including UV, IR, 1D and 2D NMR, and mass spectra. The chemotaxonomic significance of the presence of these dihydrostilbene derivatives is briefly discussed.
The genus Croton (Euphorbiaceae) consists of about 700 species of trees, shrubs, and herbs, which are widely distributed in tropical and subtropical regions [1] . This genus is known to be a source of diterpenoids and aromatic benzylisoquinoline alkaloids [2] . Other aromatic compounds, such as flavonoids [3] [4] [5] , lignans [6] , phenylbutanoids [7] , and a phenanthrene derivative [8] , have also been reported. As part of our investigation of the phytochemistry of Croton species growing in Malaysia [9] , we have examined a flower extract of C. laevifolius Blume. and have isolated two prenylated dihydrostilbenes, which have been named laevifolins A (1) and B (2) . This paper reports the isolation and structure determination of these prenylated dihydrostilbenes, the chemotaxonomic significance of which is briefly discussed. 
* assignments could be interchanged.
structure. These spectroscopic data suggested that 1 was a dihydrostilbene derivative containing four phenolic -OH and three prenyl groups. The presence of seven symmetrical carbon atoms and a proton singlet of a very shielded aromatic signal (δ H 6.29) indicated that one of the aromatic rings should have the structure of a 2,6-diprenyl-3,5-dihydroxyphenyl group (ring A). Furthermore, the presence of two shielded oxyaryl carbon atoms (δ C 142.9, 143.1), together with a pair of ortho-coupled aromatic signals, is reminiscent of the structure of a 2-prenyl-3,4-dihydroxyphenyl group for the second aromatic ring (ring B). Structure 1, therefore, was formulated for laevifolin A, which was confirmed by the 1 H-13 C correlations found in the HMQC and HMBC spectra of 1 ( Table 1) . The HMBC spectrum, in particularly, disclosed long range correlations between the methylene proton signal at δ H 3.31 (4H) with carbon signals at δ C 118.8 (C-2/6), 140.3 (C-1), and 154.3 (C-3/5), confirming the location of the two prenyl groups at C-2 and C-6. The HMBC spectrum also showed long range correlations between the methylene proton signal at δ H 3.36 (2H) with carbon signals at δ C 126.5 (C-2´), 132.9 (C-1´), and 142.9 (C-3´), thus establishing the attachment of the other prenyl group at C-2´. Accordingly, laevifolin A was Table 1 . Further support for the structure 1 was also obtained from NOE correlations found in the NOESY spectrum, as shown in Figure 1 . The 3-D model of the molecule, generated by MM2 calculation (ChemOffice v. 9.0), revealed that both the methylene groups are trans to each other, allowing the prenyl groups in ring A to be close in space with the aromatic ring B, and vice versa between the prenyl group in ring B with the aromatic ring A. As consequences, the protons of the methyl groups of C-10, C-15, and C-10´ experience anisotropic effects by the phenyl groups and appear in the 1 O 4 , suggesting that 2 is an isomer of 1. In fact, the UV, IR, and NMR spectra of compound 2 (Table 1) were very similar to those of compound 1, except that the pair of ortho-coupled aromatic signals (δ H 6.65 and 6.72, J = 8.3 Hz) in 1 was replaced by a pair of meta-coupled aromatic signals (δ H 6.53 and 6.57, J = 2.2 Hz). These NMR spectroscopic characteristics allowed us to formulate compound 2 as 3,5,3´,4´-tetrahydroxy-2,6,5´-tris(3-methylbut-2-enyl)dihydrostilbene. In the HMBC spectrum of 2 (Table 1) , 1 H-13 C long range correlations were observed between a methylene proton signal at δ H 3.34 (2H) and carbon signals at δ C 121.7 (C-6´), 128.3 (C-5´), and 140.8 (C-4´), securing the location of one of the prenyl groups at C-5´. Thus, structure 2 was assigned to laevifolin B. Other HMBC correlations in support of structure 2 are shown in Table 1 . The NOE correlations found in the NOESY spectrum (data not shown) also corroborated the structure assigned to 2. Similarly, 3-D analysis of structure 2 revealed that the methyl groups of C-10, C-15, and C-10´ are close in space with the aromatic ring B, and thus experience anisotropic effects, as found in 1.
A large number of dihydrostilbene derivatives have been isolated and identified from a number of plant species of difference plant families, including Orchidaceae, Leguminosae, and the liverwort Hepaticae [10] [11] [12] . While the structures of dihydrostilbenes in orchids contain only hydroxyl and methoxyl functionalities, and in some species benzyl derivatives as well, the prenylated dihydrostilbenes, so far, including mono-and diprenylated dihydrostilbenes, have been isolated from species of Leguminosae and Hepaticae. This paper is the first report of the presence of dihydrostilbene derivatives in Croton species, as well as the first occurrence of triprenylated dihydrostilbenes in nature. The presence of prenyl groups in compounds 1 and 2 could be related to the ubiquitous presence of diterpene metabolites in Croton species. Interestingly, a biogenetically related metabolite, i.e. a phenanthrene derivative, has recently been isolated from the leaves of C. flavens [8] , the presence of which could be of chemotaxonomic significance to the genus Croton.
Experimental
General: UV and IR spectra were measured with a Varian Conc. 100 instrument and a Perkin Elmer Spectrum One FTIR spectrometer, respectively. 1 H and 13 C NMR spectra were recorded with a JEOL JNM ECP400, operating at 400 ( 1 H) and 100 ( 13 C) MHz, using residual and deuterated solvent peaks as reference standards. Mass spectra were obtained using a JEOL JMS-AM20 mass spectrometer (CI mode). VLC (vacuum liquid chromatography) and radial chromatography were carried out using Merck silica gel 60 GF254 and, for TLC analysis, pre-coated silica gel plates (Merck Kieselgel 60 GF 254 , 0.25 mm) were used. Solvents used for extraction and preparative chromatography were technical grades that were distilled before used.
Plant materials: Samples of the flower of C. laevifolius Blume were collected from Gunung Stong, Kedah, Malaysia. The plant was identified by Mr Shamsul Khamis of Universiti Putra Malaysia, Malaysia.
Extraction and isolation:
The dried powdered flowers (120 g) of C. laevifolius were macerated in MeOH at room temperature several times to give, after solvent evaporation, a dark brown gum (18 g). This MeOH extract was then subjected to VLC chromatography, eluting with CHCl 3 , CHCl 3 -EtOAc of increasing polarity (95:5, 9:1, 8:1), and CHCl 3 -MeOH (9:1), afforded six major fractions A -F. On TLC analysis, fraction F (350 mg) showed one major spot and on purification of this fraction using planar radial chromatography and eluting with CHCl 3 -EtOAc (95:5) compound 2 was obtained (130 mg). Fractions D (2.8 g) and E (1.2 g) were separately refractionated using VLC chromatography eluting with n-hexane-EtOAc (95:5, 9:1, 8:2, 6:4) and EtOAc to give six and seven fractions, respectively. A part (1 g) of the fraction (2.3 g) containing a minor component less polar than compound 2 was repeatedly purified using planar radial chromatography (elution solvent CHCl 3 -EtOAc 95:5) to give compound 1 (19 mg). 
